ABSTRACT
INTRODUCTION
Recently optical temperature sensors (OTS) are in the centre of attention of many research groups, due to their high potential for applications in various fields where conventional techniques cannot be used and/or run to problems representing drawbacks for successful applications. Among the possible applications one should note temperature monitoring in highly corrosive media, electrical power stations, oil refineries, coal mines and building fire detection.
Until now a large number of distributed and point OTSs on the base of different rare-earth (RE) ions (Er 3+ , Sm 3+ , Eu 3+ , Pr 3+ ) doped glasses, ceramics and fibers have been presented [1] [2] [3] [4] [5] [6] . The OTSs on above mentioned materials have the ability to cover a wide temperature range (77 to 1623K) with reasonable measurement resolution 3, [7] [8] [9] . However, despite to their attractive properties, such as high temperature mechanical strength, chemical stability and excellent optical property, rare-earth doped bulk single crystals as potential materials for OTSs are less investigated.
Idea of the use of RE 3+ ions doped materials as optical sensors, including temperature ones is based on temperature dependences of spectroscopic characteristics (absorption coefficients, fluorescence intensities, fluorescence lifetimes etc.) of these materials in the infrared and visible range [1] [2] [3] [4] [5] [6] [7] [8] [9] . However, as a rule, they are mainly based on fluorescence intensity ratio (FIR), when it is assumed that temperature dependence is determined only by Boltzmann factor of population of neighboring energy levels. As well known within the framework of Franck-Condon approximation the matrix elements of the pure electronic transitions do not depend on the coordinates of the nuclei. Consequently, for weak electron-phonon interactions (EPIs) the profile of the ZPL can be written as
where k is a constant, f i S is the line strength of the pure electronic transition f i → and f(ω,T) describes the ZPL, Ω are correspondingly the homogeneous linewidth, the frequency and the shift of the ZPL transition f i → . Note that in next steps we will examine the temperature dependence of the intensity ratio of the same spectral line at different temperatures. Therefore we will not take into account the temperature dependence due to the Boltzmann factor in population of the initial level of the transition. Thus, it is assumed that the temperature dependence of the ZPLs intensity is determined by the temperature dependences of the homogeneous linewidth and the shift of the spectral line and the DWF. Thereby we can define the relative intensity of ZPL according to expression 
where T 0 is a fixed temperature, ε Δ is the temperature shift of ZPL. The numerical values of homogeneous line widths, shifts and DWFs of the ZPLs under consideration at K 100 T 0 = are given on the table 2. 
SENSOR CAPABILITIES OF Yb 3+ DOPED YAG, LN AND NBW CRYSTALS
The sensitivity of OTS based on measurement of a temperature dependent spectroscopic characteristic, R(T), is defined by relation
As a temperature dependent spectroscopic characteristic we consider the relative intensity of ZPL defined by Eq. (3).
Note, that due to enough complicated temperature dependences of homogeneous widths, shifts and DWFs 17-19 the temperature dependence of relative intensity R(T), defined by (3), and therefore the corresponding sensitivity wavelength of 1030 nm is changed by one order (Fig.4b) , while the mean sensitivity is sufficiently high 3.4 %×K -1 (Table 2) and it is not only the highest compared with the average sensitivities for the investigated materials under study in the current article, but about twice exceeds the sensitivites of sensor materials listed in Table 1 .
CONCLUSIONS
Thus, the Yb 3+ doped crystals can be considered as quite acceptable materials for the OTSs based on relative fluorescence method and they can be used in the development of optical temperature sensors at low temperature regions.
In the considered temperature range (40 -200 K) dependence of the relative intensity on the temperature with high accuracy (~ 0.1%) approximates by a linear function, which increases the attractiveness of these materials as OTS.
This mainly concerns to the YAG:Yb 3+ crystal, the radiation intensity temperature sensitivity of which at the wavelength of 1030 nm is "drastically" high. measurements and temperature monitoring in highly corrosive media, etc. Moreover, it should be noted that at high temperatures due to the Boltzmann factor the population of excited levels can be quite large and therefore OTS based on FIR, seemingly, again can be more suitable (Table 1 ).
